Ten cDNAs of genes that were induced by dehydration stress were cloned by differential screening from the highly drought-tolerant legume, cowpea (Vigna unguiculata), a major crop in West Africa. The clones were collectively named CPRD (cowpea clones responsive to dehydration). Northern blot analysis revealed that nine of the CPRD genes were induced by dehydration stress, but the timing of induction of mRNA synthesis varied among the CPRD genes. We analyzed the effects of other environmental stresses on the expression of the CPRD8, CPRD14 and CPRD22 genes, and we found that these genes were strongly induced by high-salinity stress but not by cold or heat stress. Drought-stressed cowpea plants accumulated abscisic acid (ABA) to a level that was 160 times higher than that in unstressed plants. The CPRD8 and CPRD22 genes were induced to a significant extent by the application of exogenous ABA but the CPRD14 gene was not. These results indicate the existence of at least two signaltransduction pathways between the detection of water stress and the expression of CPRD genes in cowpea. Sequence analysis of CPRD8 and CPRD22 cDNAs revealed that they encoded putative proteins that were related to old yellow enzyme and group 2 LEA proteins, respectively. The protein encoded by CPRD14 exhibited sequence homology to dihydroflavonol-4-reductase (DFR) and vestitone reductase (VR). Old yellow enzyme, DFR and VR have not been identified as drought-inducible proteins in other plants, whereas LEA genes have been well characterized as drought-inducible genes. The various gene products might function to protect cells from environmental stress.
Abbreviations: DFR, dihydroflavonol-4-reductase; LEA protein, Late Embryogenesis Abundant protein; RW, relative weight; TLC, thin-layer chromatography; VR, vestitone reductase.
The nucleotide sequences of CPRD8, CPRD14 and CPRD22 cDNAs reported in this paper have been submitted to EMBL, GenBank, and DDBJ with accession numbers D83970, D83971 and D83972, respectively. 4 To whom correspondence should be addressed.
Drought -Gene expression -Stress response.
Plants respond to environmental stresses by initiating a number of physiological and developmental changes. Drought is one of the most severe environmental stresses that plants encounter and it affects almost all plant functions, including photosynthesis, growth, and development. Several genes have been described that respond to dehydration at the transcriptional level in a variety of plant species (Skriver and Mundy 1990 , Bray 1993 , Bartels and Nelson 1994 , Shinozaki and Yamaguchi-Shinozaki 1996 . Analysis of these genes has indicated that their products might function cooperatively to protect cells from dehydration (Bray 1993 , Bartels and Nelson 1994 , Bohnert et al. 1995 , Shinozaki and Yamaguchi-Shinozaki 1996 . The gene products are thought to function in the control of water potential; the accumulation of osmoprotectants, such as sugars, proline and betaine; protein turnover; the protection of macromolecules; signaling pathways; transcriptional control, and so on (Bray 1993 , Bohnert et al. 1995 , Shinozaki and Yamaguchi-Shinozaki 1996 . The existence of complicated mechanisms of drought tolerance in plants is indicated from the results of analysis of the functions of the various gene products.
Abscisic acid (ABA) plays an important role in the responses of plants to drought stress. Many drought-inducible genes are also induced by the application of exogenous ABA (Skriver and Mundy 1990, Bray 1993 ). It appears that drought stress triggers the production of endogenous ABA, which, in turn, induces the transcription of several genes. Many genes that respond to ABA are also expressed at the late stages of embryogenesis during the development of seeds, and that are thought to function in the protection of cells from dehydration (Skriver and Mundy 1990) . The expression of ABA-inducible genes has been analyzed extensively, and cis-and trans-acting factors involved in ABA-inducible gene expression have been reported (Bray 1993 , Giraudat et al. 1994 ). There are, however, several genes that are induced by dehydration but not by exogenous ABA (Bray 1993, Shinozaki and Yamaguchi-Shinozaki 1996) . Analysis of these genes has revealed that ABA-independent, as well as ABA-dependent, signal-transduction cascades operate between the initial signal of drought stress and the expression of specific genes. The ABA-independent expression of drought-inducible genes has been analyzed extensively and multiple signal-transduction cascades have been proposed between the initial signal of drought stress and the expression of the genes (Bray 1993 , YamaguchiShinozaki et al. 1994 , Shinozaki and Yamaguchi-Shinozaki 1996 .
Drought-inducible genes have been analyzed extensively in the resurrection plant Craterostigma plantagineum (Bartels and Nelson 1994) and in the model plant Arabidopsis thaliana (Shinozaki and Yamaguchi-Shinozaki 1996) . By contrast, drought-inducible genes in droughttolerant crops have not been studied. It is obviously important to analyze drought-inducible genes and their expression in drought-tolerant crops if we are to understand the molecular mechanisms of drought tolerance for development of technologies for the molecular breeding of drought-tolerant crops. Cowpea is a leguminous crop that is widely grown in semi-arid regions of the tropics because of its tolerance to drought and its superiority as a source of protein (Summerfield et al. 1985) . Cowpea is well adapted to a wide range of growth conditions and can be cultivated from semi-arid regions to humid regions in the tropics. Moreover, many cultivars with different levels of tolerance to drought conditions have been isolated. The ability of cowpea to tolerate severe drought conditions makes it ideal for the study of the molecular mechanisms of drought tolerance in crops. However, there have been no reports on drought-inducible genes in cowpea. In order to analyze the responses to dehydrationstress of such a drought-tolerant plant at the molecular level, we isolated 24 cDNA clones that corresponded to dehydration-induced genes from cowpea by a differential screening method. The cDNA clones were classified into ten groups and collectively named CPRD (cowpea clones responsive to dehydration). We report the cloning and initial characterization of these 10 CPRD cDNAs and the expression of the 10 corresponding CPRD genes in response to dehydration and rehydration. Sequence analysis of CPRD8 and CPRD22 cDNAs revealed that they encoded putative proteins that were related to old yellow enzyme and group 2 LEA (Late Embryogenesis Abundant) proteins, respectively. The protein encoded by CPRD 14 cDNA exhibited homology to dihydroflavonol-4-reductase (DFR) and vestitone reductase (VR). We also analyzed the expression of these three CPRD genes in response to other environmental stresses and to exogenous abscisic acid.
Materials and Methods
Plant growth-Cowpea plants (IT84S-2246-4) were grown in pots of soil, and watered regularly, with continuous illumination at approximately 2,500 lux at 25°C, for 4 weeks. Four-week-old plants were used for the preparation of mRNA for construction of cDNA libraries and Northern blot analysis.
Dehydration-For quantification of ABA and for Northern blot analysis, leaves were cut off at the petiole close to the stem from four-week-old cowpea plants, weighed, and then dehydrated on Whatman 3MM paper (Whatman International Ltd, Maidstone, England) at room temperature and approximately 60% humidity under dim light. The leaves were then weighed again and frozen in liquid nitrogen.
For construction of a cDNA library, whole plants were subjected to dehydration as described below for the preparation and screening of the cDNA library.
For the progressive-dehydration treatment, cowpea plants were grown in soil for 4 weeks and then drought conditions were induced by withholding water from pots for 0, 1, 2 ,5, 10, 15 and 20 days. The leaves were cut off at the petiole from each plant and frozen in liquid nitrogen.
Extraction and quantification of ABA-ABA was extracted as described by Kiyosue et al. (1994) . ABA in the extract was purified by thin-layer chromatography (TLC) as described by Zeevaart and Milborrow (1976) . After purification by TLC, ABA was quantified by high-performance liquid chromatography (HPLC). The sample was injected onto a Qg column (Zorbax ODS; 150 mm x 4.6 mm i.d.; Rockland Technologies, Inc., PA, U.S.A.) that had been set up with a precolumn (Zorbax ODS). The columns were maintained at 40°C and the sample was eluted with 50 mM potassium phosphate buffer (pH 7.0) that contained 5% methanol at a flow rate of 0.8 ml min" 1 . The eluate was monitored at 244 nm and the eluted ABA was quantified by analysis of the peak area with reference to a standard curve.
Preparation and screening of a cDNA library from dehydrated plants-Whole plants were harvested, washed gently to remove soil from the roots, and then left to dry on Whatman 3MM paper at room temperature and approximately 60% humidity under dim light. Twenty grams of whole plants, which either had been or had not been dehydrated, were frozen in liquid nitrogen and ground to a powder with a mortar and pestle. Total RNA was prepared as described previously (Nagy et al. 1988) . Poly(A) + RNA was isolated by two passages of the total preparation of RNA over a column of oligo-dT cellulose, as described by Sambrook et al. (1989) . About 2% of the RNA that was initially applied to the column was recovered in the poly(A) + RNA fraction. Double-stranded cDNA was synthesized from poly(A) + RNA with cDNA Synthesis System Plus (Amersham, Buckinghamshire, England). Using a cDNA Cloning System from Amersham, we prepared a cDNA library from the cDNA. We screened 2.4 x 10 4 plaques of the primary cDNA library by the plaque hybridization method of Sambrook et al. (1989) .
Stress treatments and Northern blot analysis-Cowpea leaves were cut off plants at the petiole and then dehydrated on Whatman 3MM paper at room temperature and approximately 60% humidity under dim light. Plant leaves subjected to salt stress or treatment with ABA were cut off plants at the petiole. The base of the petiole was quickly submerged in water and the lower portion of petiole was cut off. Each leaf was then placed in a tube that contained 250 mM NaCl or 100ftM ABA. For heat-or cold-stress treatment, plant leaves in tubes that contained water were transferred to incubators that had been set at either 40°C or 4°C. In each case, the leaves were subjected to the stress treatment for various periods and then frozen in liquid nitrogen. Total RNA was isolated as described by Nagy et al. (1988) . Ten micrograms of total RNA were subjected to electrophoresis in a \% agarose gel and blotted onto a nylon filter. RNA gel blot hybridization was performed as described previously by Yamaguchi-Shinozaki et al. (1990) .
Analysis of DNA sequences-Plasmid DNA templates were prepared with the Automatic Plasmid Isolation System (model PI-100; KURABO, Osaka, Japan), and sequenced with a DNA sequencer (model 373A; ABI, San Jose, CA, U.S.A.). Nucleotide sequences and amino acid sequences were analyzed with the GeneWorks software system (IntelliGenetics, Inc., Mountain View, CA, U.S.A.) and the University of Wisconsin Genetics Computer Group (GCG) program.
Results
Decrease in relative weight and accumulation of ABA during dehydration stress in cowpea leaves-We first measured the decrease in weight of cowpea leaves, defined as the ratio to that of their original weight, and the accumulation of endogenous ABA level under dehydration conditions. As shown Figure 1 , cowpea leaves lost weight gradually during dehydration treatment, whereas accumulation of ABA began to increase 2 h after dehydration started and reached a maximum at 10 h. The level of ABA in 10 h-dehydrated leaves was 160 times higher than that in unstressed control leaves.
Isolation of cDNA clones that corresponded to genes induced by dehydration-A cDNA library was constructed with poly(A) + RNA that had been isolated from plants after dehydration for 10 h, and it was differentially screen- ed with cDNA prepared from poly(A) + RNA that had been isolated from unstressed plants and with cDNA prepared from poly(A) + RNA that had been isolated from plants after dehydration stress for 10 h. Twenty-four plaques gave a stronger hybridization signal with [ 32 P] -labeled cDNA from dehydrated plants. The plasmid regions of the 24 phage clones were excised in vivo and used to transform Escherichia coli cells. The cDNA fragments from the resultant plasmids were analyzed by Southern and Northern hybridization. From the hybridization analysis, we classified these 24 cDNA clones into 10 CPRD groups (Table 1) .
Dehydration-induced expression of the genes that corresponded to the 10 groups of CPRD clones was analyzed by Northern blot hybridization. Sets of a petiole with three leaflets were cut off plants and dehydrated for various periods of time up to 24 h. As controls, similar cowpea leaves were subjected to water treatment with the base of the petiole submerged in water. Total RNA was then isolated from dehydrated or water-treated leaflets for Northern blot hybridization. Figure 2 shows the time course of induction of the genes that corresponded to the CPRD clones in response to dehydration. All the CPRD genes were induced by dehydration stress, but the timing of induction varied among the ten classes of CPRD genes. The mRNAs corresponding to CPRD8, CPRD14, CPRD22, CPRD47 and CPRD48 began to accumulate within 2 h of the start of dehydration and those corresponding to CPRD2, CPRD 12 and CPRD49 were detected after 5 h of dehydration. The levels of accumulated mRNAs were low in the case of the CPRD47, CPRD48, and CPRD49 genes. However, the level of CPRD49 mRNA was higher than those of CPRD47 and CPRD48 mRNAs at 24 h. The mRNA corresponding to CPRD46 accumulated only transiently. The mRNA corresponding to CPRD29 accumulated slightly during water treatment, as well as during dehydration, although the other CPRD mRNAs did not (data not shown). When cowpea leaves were dehydrated for 10 h, they wilted. Subsequently wilted leaves were rehydrated by transfer to water, then they seemed to recover within 4 h. After rehydration started, the levels of the accumulated CPRD mRNAs decreased and these mRNAs became undetectable within 24 h, with the exception of CPRD29 and CP-RD46 mRNAs (Fig. 2) . The CPRD2, CPRD8, CPRD12, CPRD 14, and CPRD22 genes exhibited typical and significant responses to water stress, namely, induction by dehydration and reduction in the level of the transcript upon rehydration. Since the induction of the CPRD29 gene was transient, we were unable to detect a decrease in the level of its transcript in rehydrated plants. Conversely, the level of CPRD46 mRNA decreased for the first 2 h but then it accumulated at a high level from 5 to 24 h after the start of rehydration.
Sequence analysis of the CPRD8, CPRD14 and CP-RD22 cDNAs-To examine the structure of the CPRD8, CPRD14, and CPRD22 cDNA clones, we sequenced the inserted DNA fragments of 1.4 kbp, 1.2 kbp and 1.1 kbp, respectively. The nucleotide sequence of CPRD8 cDNA contained a single open reading frame that encoded 384 amino acids, a 5-flanking region of 15 bp and a 3'-flanking region of 345 bp (Fig. 3A) . The amino acid sequence of the putative CPRD8 protein was deduced from the nucleotide sequence (Fig. 3A) , and the calculated molecular mass of this putative protein was 42.1 kDa. We searched the nucleotide and protein sequence databases for sequences homologous to that of CPRD8 protein and found the putative protein to be homologous to morphinone reductase (morB) of Pseudomonas putida and old yellow enzyme of saccharomyces cerevisiae with 47% and 30% homology, respectively (Fig. 3B; Bruce 1994, Stott et al. 1993) . The sequence of the putative CPRD8 protein was also similar to that of the estrogen-binding protein of Candida albicans (Madani et al. 1994 ) and bile acid-inducible protein C of Eubacterium sp. VPI 12708 (Mallonee et al. 1990 ). The putative CPRD8 protein contained conserved amino acids that are involved in the active site (His 191-Asnl94) and flavin mononucleotide-binding (FMN-binding) site (Thr37, Glnll4 and Arg243, but not Arg348) or old yellow enzyme ( (Fig.4A) . The amino acid sequence of the putative CPRD 14 protein was deduced from the nucleotide sequence (Fig. 4A) , and the calculated molecular mass of the putative protein was 35.6 kDa. The CPRD14 protein exhibited sequence homology to dihydroflavonol-4-reductase (DFR). Comparison of the deduced amino acid sequence of the CPRD 14 protein revealed homology to DFR from Vitis vinifera (39%; Sparvoli et al. 1994) and Gerbera hybrida (35%; Helariutta et al. 1993) and to vestitone reductase from alfalfa (36%; Guo and Paiva 1995) , as shown in Figure 4B .
The CPRD22 cDNA included an open reading frame of 256 amino acids, a 5'-flanking region of 45 bp, and a 3'-flanking region of 313 bp (Fig. 5A) . The amino acid sequence of the putative CPRD22 protein is shown in Figure  5A , and its calculated molecular mass was 25.9 kDa. The CPRD22 protein was homologous to group 2 LEA proteins (Fig. 5B) . Group 2 LEA proteins usually contain a conserved sequence, DEYGN, at the amino-terminus, a cluster of serine residues, and a lysine-rich conserved sequence, KIKEKLPG. The putative CPRD22 protein contained both the DEYGN and the KIKEKLPG sequences, but there was no cluster of serine residues. A stretch of 69 amino acids with five tandemly repeated Gly-rich sequences was found in the amino-terminal half of the polypeptide. The consensus sequence of these repeats was GTTGGFTG-DTGRQ, and the function of such sequences remains to be elucidated.
Northern blot analysis of the expression of the CPRD8, CPRD14 and CPRD22 genes-We analyzed the Madani et al. 1994 ) and baiC (amino-terminal region, namely, residues 1 to 380, of bile acids-inducible protein C of Eubactehum sp. VPI12708; Mallonee et al. 1990) . Dashes indicate gaps that were introduced to maximize alignment. Boxes and shadowing indicate identical and similar amino acids, respectively. The underlined sequence and arrows indicate amino acids that are involved in the active site and FMN-binding site of OYE1, respectively. effects of various environmental stresses on the expression of the CPRD8, CPRD14, and CPRD22 genes, and we found that all three genes were strongly induced under high-salt conditions (250 mM NaCl) but none was induced by cold stress (4°C) or heat stress (40°C, Fig. 6 ). Various environmental stresses, such as high salinity, water deficiency, and low temperature, trigger the synthesis of ABA, which induces the expression of many genes. To determine whether or not ABA is involved in the induction of CPRD genes, we performed Northern hybridization using RNAs isolated from leaves that had been treated with ABA or with water (Fig. 6 ). The transcription of the CPRD8 and CPRD22 genes was induced to a significant extent by the application of exogenous ABA, but that of the CPRD14 gene was not.
Northern blot analysis was performed to determine the kinetics of induction of the CPRD8, CPRD 14 and CPRD22 genes in cowpea plants that were grown in soil under drought conditions (Fig. 7) . We found that all three genes were induced gradually by withholding water for 5 to 10 days and, moreover, that high levels of their transcripts were detectable at 20 days. These observations indicate that these genes responded naturally to a water deficit. Even after 20 days of drought treatment, the cowpea plants were able to grow normally upon rehydration.
Discussion
As a first step towards full characterization of the responses of drought-tolerant plants to dehydration stress at the molecular level, we cloned cDNAs for genes in the drought-tolerant cowpea plant that are induced by dehydration stress, and we analyzed their structure and the expres- Northern analysis of the induction of the CPRD8, CPRD14, and CPRD22 genes by dehydration (B). Cowpea plants that had been grown in soil under normal conditions for 1 month were exposed to progressive dehydration by withholding. Total RNA was prepared from cowpea leaves that had been dehydrated in soil for 0, 1,2,5, 10, 15, or 20 days. Each lane was loaded with 10/ig of total RNA. Northern hybridization was carried out as described in the legend to Figure 2. sion of the corresponding genes. The various cultivars of cowpea exhibit different levels of drought tolerance and cowpea is, therefore, a very suitable plant for the molecular analysis of drought tolerance. For our experiments, we chose the cowpea cultivar IT84S-2246-4, which is very tolerant to drought stress and produces large numbers of seeds even under water-deficit conditions (Singh 1993) . We cloned ten independent cDNAs for genes that respond to dehydration by differential screening (Table 1) . To analyze the drought-inducible expression of these genes, we performed Northern blot hybridization. All the genes corresponding to CPRD cDNAs, with the exception of CPRD29, were induced by dehydration exclusively, and they were not induced to any significant extent by water treatment. These results suggest that nine of the CPRD genes were drought-inducible genes while the CPRD29 gene was not. Under rehydration conditions, levels of all the CPRD mRNAs, apart from the CPRD29 and CPRD46 mRNAs, decreased significantly. The CPRD46 mRNA decreased and then it increased transiently under rehydration conditions. The level of the CPRD46 gene might be responsive to osmotic changes during dehydration and rehydration.
In dehydrated plants, levels of endogenous ABA increase significantly, and the accumulated ABA induce the expression of many genes that might be involved in dehydration tolerance. We analyzed the accumulation of ABA in cowpea leaves under dehydration conditions. When cowpea leaves were subjected to dehydration, they gradually lost 35% of their net weight over the course of 24 h (Fig. 1) . Accumulation of ABA became apparent 2 h after the start of dehydration treatment and reached a maximum level at 10 h. The 10-h-dehydrated cowpea plants contained endogenous ABA at about 10 nmol (gFW) ', and this level was 160 times higher than that found in unstressed plants.
The maximum level of accumulated ABA in dehydrated Arabidopsis rosette plants was, by contrast, only four times higher than that found in unstressed plants (Kiyosue et al. 1994) . The level of ABA in dehydrated Arabidopsis plants was about 160 pmol (gFW)" 1 , which was about 2%
of that in dehydrated cowpea. Thus, the level of accumulated ABA under dehydration conditions seems to be extremely high in cowpea, as well as in other legumes, when compared to that in Arabidopsis (Walton et al. 1979 ). These observations suggest that ABA might be important in drought tolerance in the cowpea.
To determine whether ABA is involved in the induction of CPRD genes, we performed Northern hybridization experiments to quantitate the transcripts of three CPRD genes. The CPRD8 and CPRD22 genes responded significantly to exogenous ABA, but CPRD14 did not (Fig. 6 ). These findings suggest the existence of ABA-independent and ABA-dependent signal-transduction cascades between the initial signal of drought and the expression of specific genes in cowpea, as well as in Arabidopsis (Shinozaki and Yamaguchi-Shinozaki 1996) . These three CPRD genes were induced by high salinity but not by low temperature. The transcripts of these three genes accumulated slightly and transiently upon heat treatment. However, the levels of induction of these three genes by heat treatment were the same as those by water treatment, a correlation that suggests that the accumulation of the transcript might have been due to some other stress that was related to manipulation of the leaves. The CPRD8, CPRD14 and CPRD22 genes were gradually induced in cowpea plants in soil from 5 to 10 days after water was withhold (Fig. 7) . Thus, it appears that these genes respond naturally to a water deficit, and that our experimental conditions for the isolation of cDNAs for drought-inducible genes were appropriate.
The deduced amino acid sequence of the CPRD22 protein revealed structural features homologous to those of group 2 LEA proteins. At least 30 different putative proteins have been identified as group 2 LEA proteins in a variety of plants (Bray 1993) . A conserved repeat sequence, EKKGIMDKIKEKLPG, and a cluster of serine residues are usually found in group 2 LEA proteins. However, one of the repeat sequences and the cluster of serine residues were completely absent in the CPRD22 protein (Fig. 5B) . We found similar structural features in soybean MAT1 (Chyan et al. 1992 ) and pea DHN1 (Roberton and Chandler 1992), which are both group 2 LEA proteins. Group 2 LEA proteins are thought to function in the maintenance of protein structure (Bray 1993) . The CPRD22 protein might also function in protecting cowpea cells from dehydration. There were five direct repeats of the sequence GTTGGFTGDTGRQ in the amino-terminal half of CPRD22, a feature that has not been reported in other group 2 LEA proteins. The expression of the CPRD22 gene was up-regulated by drought, high salinity, and treatment with exogenous ABA, as is the expression of other LEA genes. Typical drought-inducible genes (e.g., LEA genes) were also isolated from cowpea in our library, providing another indication that the dehydration conditions in our experiments were appropriate.
We identified two novel genes, CPRD14 and CPRD8, that were induced by dehydration stress in cowpea. The amino acid sequence of the putative CPRD14 protein was similar to those of dihydroflavonol-4-reductase (DFR) and vestitone reductase (VR; Fig. 4) . DFR is involved in the biosynthesis of anthocyanin. VR is involved in the biosynthesis of medicarpin. Medicarpin is the major phytoalexin in alfalfa. Both anthocyanin and medicarpin are synthesized via the phenylpropanoid pathway Palva 1995, Guo et al. 1994) . Secondary metabolites produced in this pathway include a number of compounds derived from phenylpropanoid and flavonoid compounds. These products are involved in protection of cells from UV light, defense against attack by pathogens, legume nodulation and pollen viability (Li et al. 1993 , Hahlbrock and Scheele 1989 , Lamb et al. 1989 , Long 1989 . The product of the CPRD14 gene might be involved in the synthesis of such compounds, which protect plant cells from stress conditions.
The sequence of the putative CPRD8 protein was similar to those of old yellow enzyme from saccharomyces, morphinone reductase from Pseudomonas, estrogen-binding protein from Candida, and bile acid-inducible proteins of Eubacterium (Fig. 3B) . These proteins belong to a family of flavoprotein a//?-barrel oxidoreductases (French and Bruce 1995) . The CPRD8 protein might have similar enzymatic activity to that of flavoprotein a//?-barrel oxidoreductases because both the active domain and an FMNbinding site were found in the CPRD8 protein (Fig. 3B) . Although the physiological functions of old yellow enzyme, morphinone reductase and estrogen-binding protein remain unclear, these proteins are all known to have a high affinity for steroids (French and Bruce 1995) . Furthermore, bile acid-inducible proteins C and H, two bacterial a/fi-bairel flavoenzymes, are thought to be involved in steroid metabolism (Mallonee et al. 1990 ). In plants, brassinosteroids have structures typical of steroid derivatives and function as growth regulators. Brassinosteroids also increase resistance to stress in plants under high-temperature, high-salt, and low-temperature conditions (Katsumi 1991 , Kulaeva et al. 1991 . Under stress conditions, brassinosteroids induce a set of proteins that might function in the protection of cells against heat and salt stress (Kulaeva et al. 1991) . The drought-inducible CPRD8 protein might interact with brassinosteroids to protect plant cells from dehydration and salt stress.
